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Objective: To tested the reliability and validity of Aofas in a sample of rheumatoid arthritis
patients.
Methods: The scale was applicable to rheumatoid arthritis patients, twice by the interviewer
1  and once by the interviewer 2. The Aofas was subjected to test–retest reliability analy-
sis  (with 20 Rheumatoid arthritis subjects). The psychometric properties were investigated
using Rasch analysis on 33 Rheumatoid arthritis patients.
Results: Intra-Class Correlation Coefﬁcient (ICC) were (0.90 < ICC < 0.95; p < 0.001) for intra-
observer reliability and (0.75 < ICC < 0.91; p < 0.001) for inter-observer reliability. Subjects
separation rates were 1.9 and 4.75 for the items, showing that patients fell into three ability
levels, and the items were divided into six difﬁculties levels. The Rasch analysis showed that
eight items was satisfactory. One erroneous item have been identiﬁed, showing percentages
above the 5% allowed by the statistical model. Further Rasch modeling suggested revising
the  original item 8.
Conclusions: The results suggest that the Brazilian versions of Aofas exhibit adequate reliabil-
ity,  construct validity, response stability. These ﬁndings indicate that Aofas Ankle-Hindfoot
scale presents a signiﬁcant potential for clinical applicability in individuals with rheumatoidarthritis. Other studies in populations with other characteristics are now underway.
© 2015 Elsevier Editora Ltda. All rights reserved.∗ Corresponding author.
E-mail: cristiano.sena@ufba.br (C.S. Conceic¸ão).
http://dx.doi.org/10.1016/j.rbre.2014.12.003
2255-5021/© 2015 Elsevier Editora Ltda. All rights reserved.
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Análise  das  propriedades  psicométricas  do  American  Orthopaedic  Foot
and  Ankle  Society  Score  (Aofas)  em  pacientes  com  artrite  reumatoide:
aplicac¸ão  do  modelo  Rasch
Palavras-chave:
Artrite reumatoide
Incapacidade
Escala
Avaliac¸ão
Análise Rasch
r  e  s  u  m  o
Objetivo: Testar a conﬁabilidade e a validade do escore Aofas em uma amostra de pacientes
com  artrite reumatoide.
Métodos: A escala foi aplicada a pacientes com artrite reumatoide, duas vezes pelo entre-
vistador 1 e uma vez pelo entrevistador 2. O Aofas foi submetido a exame de conﬁabilidade
teste-reteste (com 20 indivíduos com artrite reumatoide). As propriedades psicométricas
foram investigadas pela análise Rasch em 33 pacientes com artrite reumatoide.
Resultados: O coeﬁciente de correlac¸ão intraclasse (CCI) foi de 0,90 < CCI < 0,95 (p < 0,001) para
a  conﬁabilidade intraexaminador e 0,75 < CCI < 0,91 (p < 0,001) para a conﬁabilidade interex-
aminador. O índice de separac¸ão dos indivíduos foi de 1,9 e 4,75 para os itens. Isso demonstra
que os pacientes se dividiam em três níveis de habilidade e os itens foram divididos em seis
níveis de diﬁculdades. A análise Rasch mostrou que oito itens foram satisfatórios. Foi iden-
tiﬁcado um item errôneo, que mostrou percentuais acima dos 5% permitidos pelo modelo
estatístico. Além disso, o modelo Rasch sugeriu a revisão do item 8 original.
Conclusões: Os resultados sugerem que a versão brasileira do Aofas apresenta conﬁabilidade
adequada, validade de constructo e estabilidade de resposta. Esses resultados indicam que
a  escala de tornozelo-retropé Aofas apresenta um potencial signiﬁcativo de aplicabilidade
clínica em indivíduos com artrite reumatoide. Outros estudos em populac¸ões com outras
características já estão em andamento.
© 2015 Elsevier Editora Ltda. Todos os direitos reservados.
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heumatoid Arthritis is a chronic disabling condition and may
esult in impairments in functions including musculoskeletal
ain, joint stiffness, loss of range of motion, muscular weak-
ess, and joint damage. The disability causes limitations of
ctivities and restrictions in participation.1
The number of clinical studies addressing functioning as
 study endpoint in patients with Rheumatoid Arthritis has
teadily increased during the past decade.2 It is also impor-
ant to recognize that measures in Rheumatoid Arthritis have
een developed to measure the disease consequences but with
ittle attention to functional aspects.3 Most trials involving
heumatoid Arthritis have used the Health Assessment Ques-
ionnaire (HAQ). This questionnaire is inﬂuenced by social
actors such as education level and requires a major change
n score to represent a signiﬁcant functioning change in the
atient.4,5 The HAQ has lower consistency compared with
ther measures such as C-Reactive Protein (CRP), Erythro-
yte Sedimentation Rate (ESR), number of tender joints and
atient/physician global assessment.6 Furthermore, HAQ is a
ool with considerable “celling-effect” and thus are unable to
etect worsening after reaching a maximum score.7
Foot impairment occurs in 85–100% of Rheumatoid Arthri-
is patients and erosive synovitis is the primary reason
or high levels of pain and/or disability.8,9 Others stan-
ardized method more  speciﬁcally to assess the disability
aused by the dysfunction of the feet and gait in Rheuma-
oid Arthritis patients is necessary for practice clinical.
n 1994, the American Orthopaedic Foot and Ankle Soci-
ty (AOFAS) developed rating scales for the ankle-hindfoot,midfoot, hallux metatarsophalangeal–interphalangeal, and
lesser metatarsophalangeal–interphalangeal sites allowing
them to be applied to different kinds of injuries and
treatments.10 AOFAS clinical domains were designed to assess
foot or ankle problems and are very widely used for this
purposed despite the limited evidence, until now, for their
reliability and validity in other circumstances.11
Rehabilitation programs priorities will be based increas-
ingly on evidence of the cost-effectiveness of interventions
on functioning. The reliability of such evidence is substan-
tially dependent on the validity of the methods used to assess
health and functioning status. In study of Rodrigues et al.,12
the AOFAS was translated and culturally adapt for Brazilian
Portuguese and its reproducibility and validity were tested for
patients with clinical diagnostic of ankle or hindfoot injuries.
Up to this date, we do not know of their validation for patients
with Rheumatoid Arthritis in Brazil. In the current study, we
have tested the reliability and validity of AOFAS in a sample
of Rheumatoid Arthritis patients.
Materials  and  methods
Participants
The study comprised a convenience sample including
33 patients from Arthritis Rheumatoid Service of the Bahia
School of Medicine and Public Health. Patients were eligi-
ble for inclusion if they had more  than 18 years and have a
diagnoses of Rheumatoid Arthritis by a rheumatologist satis-
fying the American Rheumatism Association revised criteria
for Rheumatoid arthritis13 and demonstrated the ability to
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Table 1 – Subjects demographic and clinical
characteristics.
n = 33
Age (years) 53.0 (10.97) [30 – 75]
Years post rheumatoid arthritis 12.21 (7.54) [5 – 19.9]
Body mass index, kg/m2 25.7 (5.52) [19.98 – 41.66]
DAS 28 5.1 (0.9) [3.5 – 7.3]
Disability (HAQ)+ 1.68 (0.65)
Ethnicity
White 4 (12.2%)
Black 15 (45.4%)
Brown 14 (42.4%)
Level of physical activity
Sedentary 28 (84.8%)
Sporadic practitioner 5 (15.2%)
Use of antiﬂamatory drug 33 (100%)
Values are mean (standard deviation) [range] or frequency
rater reliabilities. As can be noted, signiﬁcant and adequate
values of intra- (0.90 < ICC < 0.95; p < 0.001) and inter-rater
(0.77 < ICC < 0.91; p < 0.001) reliabilities were obtained. In the
Table 2 – Intraclass coefﬁcients (ICC) Values for the intra
and interrater reliability of domain and total score
AOFAS.
AOFAS ICC
Intra Inter
AOFAS – pain 0.90* 0.77*10  r e v b r a s r e u m a
walking with or without assistive devices. Patients were
excluded if had neurologic dysfunction, cognitive deﬁcits on
the Mini Mental State Examination,14 skin lesions, surgery in
the lower limb, pregnants or in rheumatoid arthritis remission
stage (≤2.6 on DAS-28).15 In about 25% of cases Rheumatoid
Arthritis is intermittent with periods of remission and this
stage may generate a confounding effect and overestimate the
results.
The study was approved by the Research Ethics Committee
of the Estacio of Bahia University Center, n. 657.528 and the
participants signed informed consent forms.
Procedures  and  instrument  of  measure
The questionnaire AOFAS is composed of nine items, dis-
tributed over three categories: pain, functional aspects and
alignment. Patients were asked to rate the pain on a scale
of 0–40 points. Function was calculated as the total score of
activity limitations (0–10), maximum walking distance (0–5),
walking surface (0–5), gait abnormality (0–8), sagittal motion
(0–8), hindfoot motion (0–6), and ankle-hindfoot stability (0–8).
Alignment was rated from 0 to 10 points (good, fair, poor),
giving a total score of 100 points.10,12 Sagittal and hindfoot
motion were physical examination of joint motion measured
by trained professional with goniometer.
In stage one, the AOFAS were submitted to test–retest
reliability analysis by two trained professionals to use the
instrument. To test their reliability, the AOFAS was applied
twice with a three to ﬁve-days interval to the ﬁrst 20 individ-
uals with Rheumatoid Arthritis included in the study. In stage
two, the Brazilian version of AOFAS was measured using Rasch
analysis.
Statistical  analysis
Descriptive statistics were utilized to characterize the sample.
Intra-class correlation coefﬁcients (ICCs) were used to assess
the intra- and inter-rater reliabilities. The ICC was chosen in
preference to the Pearson correlation which may overestimate
reliability.16 All analyses were performed with SPSS for Win-
dows (SPSS Inc., Chicago, IL, USA) and the signiﬁcance level
were set at 0.05.
Rasch techniques have been shown to successfully reduce
the number of items on questionnaires, a particularly impor-
tant issue when developing questionnaires for disabled
populations.17 Rasch analysis is a probabilistic model widely
used in the ﬁeld of rehabilitation to evaluate the psychometric
properties of scales.18 Is based on a probabilistic relationship
between item difﬁculty and person ability, with the difference
known as the functional reserve or functional ability.19
Item ﬁt statistics are employed in the assessment of unidi-
mensionality, which demonstrates whether the questionnaire
or subscale is measuring a single concept. Values such as
MnSq and t in two formats: inﬁt and outﬁt was performed
using software Winsteps.20 The inﬁt statistic is sensitive to
the variation of scores representing the subject’s abilities,
and the outﬁt statistic reﬂects the occurrence of unexpected
responses. These values are used to determine whether the
items ﬁt with the unidimensionality concept, with values of
MnSq = 1 ± 0.4 associated with t = ±2 being acceptable. The(percentage)
condition in which more  than 5% of the items of a scale exhibit
erratic scores indicate that the corresponding combination of
items is not able to measure a unidimensional construct.21,22
The Rasch model further includes the person and item sep-
aration indices and the satisfactory test divides the subjects
into at least three ability levels: low, medium, and high.23 The
estimated values of reliability to calibrate the measures must
be >0.80.24
Results
Sample  characterization
Thirty-three females with rheumatoid arthritis were evalu-
ated with a mean age of 53 ± 10.9 years (ranging from 30 to
75). Demographic and clinical characteristics of the subjects
are reported in Table 1.
Test–retest  reliability
Table 2 gives the ICC values for the intra- and inter-AOFAS – function 0.92* 0.81*
AOFAS – total 0.95* 0.91*
∗ p ≤ 0.001.
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Table 3 – Calibration of AOFAS items.
Calibration Inﬁt Outﬁt
Item MnSq t MnSq t
9. Alignment 57.11 0.96 0.0 0.61 −0.9
1. Pain** 55.96 0.35 −3.0 0.48 −1.6
4. Walking surfaces 54.07 0.79 −0.8 0.94 −0.1
8. Ankle-hindfoot stability* 50.05 1.62 2.4 1.49 2.0
3. Max continuous walking distance 48.98 0.61 −2.0 0.64 −1.8
7. Hindfoot motion 48.77 0.92 −0.3 0.91 −0.4
2. Activity limitations 46.50 1.02 0.2 1.03 0.2
6. Sagittal motion 46.06 1.30 1.3 1.17 0.7
5. Gait abnormality 42.48 1.31 1.2 1.34 1.4
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Fig. 1 – Map  representing the distribution of subjects and
items from equilibrium measured by the AOFAS. The
numbers on the left represent the test items, and the
subjects are on the right (the number identiﬁes the age).∗ Erratic item: MnSq > 1.4 and t > 2.
∗∗ Predictable item: MnSq < 0.6.
resent study, the application of the AOFAS lasted 5.5 min  on
verage, ranging from 4 to 7 min.
asch  analysis
n the AOFAS, the calibration stability of the items and individ-
als was 0.96 and 0.80, respectively. Results of Rasch’s analysis
re presented in Table 3, in which the values of the calibration
r difﬁculty of items, MnSq and t (inﬁt and outﬁt) are individ-
ally reported. The items are contained in decreasing order of
ifﬁculty. Item 9 “Alignment” was the most difﬁcult, and item
, “Gait abnormality”, was the easiest one.
Out of the 9 items of the questionnaire, 1 (11.1%) did not ful-
ll the expectations of the model: numbers 8 (ankle-hindfoot
tability [anterior drawer, varus-valgus stress]) demonstrated
nSq > 1.4 and t > 2.
The individual separation index was 1.9, which indicates
hat the items distributed the subjects among three ability lev-
ls. The item separation index was 4.75, which corresponds to
pproximately six levels of difﬁculties.
Fig. 1 displays a map  that depicts the continuum of the difﬁ-
ulty of the items on the left and the sample ability continuum
n the right. Most items had medium difﬁculty, whereas items
llowing the assessment of individuals with very high or very
ow ability were lacking.
iscussion
he AOFAS clinical rating system consists of four site-speciﬁc
cales that enable a focus on target sites or diseases.10,12 Since
he AOFAS was developed in English, it was necessary to carry
ut a transcultural adaptation of the questionnaire (i.e., a lit-
ral translation is not enough), as well as an evaluation of
he psychometric properties of the population where it was
upposed to be used.24
The Rasch analysis performed in the present study showed
 calibration stability of the items and individuals in both
nvestigated tests, indicating that the measures were stable
nd reproducible. The value found for the index of separa-
ion of the sample’s individuals (1.9) indicates that they were
ivided into three levels of ability: low, intermediate, and high.
The Rasch analysis detected one item (11.1%) with erratic
ehaviors (number 8) which was superior to what isrecommended (5%) to indicate that the instrument measured
a unidimensional concept. In this item, “Ankle-hindfoot sta-
bility”, the subject responds if considering your ankle stable
or unstable, then there are only two score possibilities: 8 (sta-
ble) and 0 (unstable). While the further items of AOFAS have at
least 03 possible answers, a fact that stratiﬁes better and leaves
clearer the possibilities for response: In addition, Rheumatoid
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Arthritis is a disease that affects the feet of patients in 85 a
100% of cases; recurrent synovitis damages the tissues and
the stability of the ankle-hindfoot, that worsens with advanc-
ing disease.8 Thus it proved possible to note that individuals
with longer disease claimed his ankle unstable and those with
shorter disease qualiﬁed as your ankles stable.
The results of the present study show that the AOFAS
exhibit a satisfactory ability to detect subtle disability deﬁcits,
thus making the distinction among persons with Rheuma-
toid Arthritis disability. The presence of very easy or very
difﬁcult items constitutes an advantage for the instrument.
Fig. 1 items/map shows the continuous of disability by ques-
tionnaire items. This is a representation of the relationship
between examined individuals Rheumatoid Arthritis severity
with disability levels discriminated by scales items. We  can see
some items at the top, with no alignment to any individual,
which means that these items measure a very high disability
degree and no individuals existed in this sample with a high
level of disability, the lack of individuals with high level of
disability must be due to the established criterion of patients
walk independently.
In this paper, we  have been able to demonstrate good and
excellent values of inter and intra-rater reliabilities and valid-
ity of the AOFAS. These ﬁndings provide strong support for the
reliability and validity of the AOFAS measures, suggesting that
they perform well in patients undergoing Rheumatoid Arthri-
tis. The ICCs are shown as the preferred and most adequate
indices for reliability analyses of interval ratio data, since
they represent both correlations and levels of agreement.23,24
According to Portney and Watkins,25 ICC values of ≥0.75 are
indicative of acceptable reliability and those below 0.75 are
considered poor to moderate.
As found in the present results, for both intra- and
inter-rater reliabilities, the ICC values were considered to be
acceptable. These results are consistent with those of the
study by Rodrigues et al.,12 which assessed the values of intra
and inter-rater reliabilities of the AOFAS in patients with clin-
ical diagnostic of ankle or hindfoot injuries and found values
of ICC greater than 0.9.
Although our sample shows ability to read, since most
of the volunteers had completed high school education, we
believe that because the subjective component of the Brazil-
ian version of the AOFAS ankle-hindfoot scale is administered
as interviews, potential interpretation errors are minimized.26
For further studies, it is important that the AOFAS be
applied with other samples, so that the validity of the instru-
ment can be more  broadly examined. If in other kinds of
samples from a number of erratic items above 5% persists,
modiﬁcations to the AOFAS scale in item 8 are warranted, for
example increasing the number of possible answers followed
by studies on the modiﬁed version.
Conclusion
The instrument was shown to be clinically useful for the
Rheumatoid arthritis sample assessed in this study. However
caution must be exercised when interpreting the results, and
the answers pattern must be observed, especially for items 8
regarded as erratic item.
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